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ZLWKDORZHUSHQDOW\8VLQJGLPSOHGVXUIDFHVLQWKHVHVLWXDWLRQVUHTXLUHVNQRZOHGJHRIWKHHIIHFWVRIGLIIHUHQWGLPSOH
JHRPHWU\ FKDUDFWHULVWLFV KRZHYHU DW SUHVHQW WKH DYDLODEOH OLWHUDWXUH LV GHILFLHQW LQSURYLGLQJ VXFKGDWD IRUPDQ\
LPSRUWDQWJHRPHWULFSDUDPHWHUV
$QXPEHURI KHDW WUDQVIHU VWXGLHV IURP5XVVLDXWLOL]HGLPSOHV7KHVH VWXGLHVHPSOR\ IORZRYHU IODWZDOOVZLWK
UHJXODU DUUD\V RI VSKHULFDO SLWV >@ IORZ LQ DQQXODU SDVVDJHV ZLWK D VWDJJHUHG DUUD\ RI FRQFDYH GLPSOHV RQ WKH
LQWHULRUF\OLQGULFDOVXUIDFH>@IORZLQGLIIXVHUDQGFRQYHUJHQWFKDQQHOVHDFKZLWKDVLQJOHKHPLVSKHULFDOFDYLW\>@
DQGIORZLQDQDUURZFKDQQHOZLWKVSKHULFDOO\VKDSHGGLPSOHVSODFHGLQUHODWLYHSRVLWLRQVRQWZRRSSRVLWHVXUIDFHV
>@+HDWWUDQVIHUDXJPHQWDWLRQVDVKLJKDVSHUFHQWFRPSDUHGWRVPRRWKVXUIDFHVDUHUHSRUWHGVRPHWLPHVZLWK
DSSUHFLDEOHSUHVVXUH ORVVHV >@2WKHU UHFHQW GDWD VKRZV WKDW WKH HQKDQFHPHQWRI WKH RYHUDOO KHDW WUDQVIHU UDWH LV
DERXW  WLPHV VPRRWK VXUIDFH YDOXHV RYHU D UDQJH RI 5H\QROGV QXPEHUV DQG SUHVVXUH ORVVHV DUH DERXW KDOI WKH
YDOXHV SURGXFHG E\ FRQYHQWLRQDO ULE WXUEXODWRUV 7KH GDWD RI 0RRQ HW DO >@ VKRZV WKDW LPSURYHPHQWV LQ KHDW
WUDQVIHULQWHQVLILFDWLRQDQGSUHVVXUHORVVHVUHPDLQDWDSSUR[LPDWHO\FRQVWDQWOHYHOVIRUGLIIHUHQW5H\QROGVQXPEHUV
DQGFKDQQHOKHLJKWV0DKPRRGHWDO>@GHVFULEHWKHPHFKDQLVPVUHVSRQVLEOHIRUORFDODQGVSDWLDOO\DYHUDJHGKHDW
WUDQVIHUDXJPHQWDWLRQVRQIODWFKDQQHOVXUIDFHVZLWKDQDUUD\RIGLPSOHVRQRQHZDOOIRURQHFKDQQHOKHLJKWHTXDOWR
RI WKHGLPSOHSULQWGLDPHWHU2WKHU LQYHVWLJDWLRQVFRQVLGHU IORZDQGKHDW WUDQVIHU LQVLQJOH VSKHULFDOFDYLWLHV
>@HIIHFWVRIGLPSOHVDQGSURWUXVLRQVRQRSSRVLWHFKDQQHOZDOOV>@WKHHIIHFWVRIGLPSOHGHSWKRQYRUWH[VWUXFWXUH
DQG VXUIDFH KHDW WUDQVIHU >@ WKH HIIHFWV RI GHHS GLPSOHV RQ ORFDO VXUIDFH 1XVVHOW QXPEHU GLVWULEXWLRQV >@ WKH
FRPELQHG LQIOXHQFHV RI DVSHFW UDWLR WHPSHUDWXUH UDWLR 5H\QROGV QXPEHU DQG IORZ VWUXFWXUH >@ DQG WKH IORZ
VWUXFWXUHGXHWRGLPSOHGHSUHVVLRQVRQDFKDQQHOVXUIDFH>@
2QVLQJOHGLPSOH WKHZRUNUHSRUWHGE\6\UHG HWDODQG,VDHY6\UHGHWDO>@FRQVLGHUVDVLQJOHGLPSOHRQWKH
FRQFDYHDQGFRQYH[VXUIDFHRIDUHFWDQJXODUFURVVVHFWLRQFKDQQHODQGREVHUYHGWKDWFRQFDYHVXUIDFHHQKDQFHVKHDW
WUDQVIHUDQGFRQYH[VXUIDFH UHGXFHVKHDW WUDQVIHU ,VDHYHWDO >@SUHVHQWHGDQXPHULFDO VLPXODWLRQ LQGHWDLORID
YRUWH[IORZKHDWWUDQVIHULQWKHYLFLQLW\RIVLQJOHGLPSOHLQDQDUURZFKDQQHO'LPHQVLRQVZHUHQRWVSHFLILHG7KH
GLPSOH GHSWK ZDV YDULHG IURP  WR  ZLWK 5H\QROGV QXPEHU DV  7KH\ REVHUYHG V\PPHWULF DQG
DV\PPHWULFYRUWLFHV7KHGLPSOHSULQWGLDPHWHUPPXVHGE\6\UHGHWDOLVXVHGLQWKHSUHVHQWVWXG\
7KH SUHVHQW QXPHULFDO VWXG\ LV EDVHG RQ KHDW WUDQVIHU HQKDQFHPHQW IURP VLQJOH GLPSOH ZLWK GLIIHUHQW GLPSOH
GHSWKV7KHQXPHULFDOUHVXOWVDUHJLYHQIRUDUDWLRRIFKDQQHOKHLJKWWRGLPSOHSULQWGLDPHWHUDQGWKH5H\QROGV
QXPEHUEDVHGRQK\GUDXOLFGLDPHWHULV7KHQXPHULFDOUHVXOWVDUHSUHVHQWHGLQWKHIRUPYHORFLW\FRQWRXUV
1XPHULFDO0RGHO
)LJXUHVKRZVWKHJHRPHWU\DQGPHVKXVHGIRUQXPHULFDODQDO\VLV7KHJHRPHWU\LVFUHDWHGLQ*$0%,7
7KHVSKHULFDOGLPSOHLVXVHGIRUWKHDQDO\VLVKDYLQJSULQWGLDPHWHUPPDQGWKHGHSWKRIWKHGLPSOHLVYDULHGDV
PPPPDQGPP7KHK\GUDXOLFGLDPHWHURIWKHGXFWLVPZKLOHWKH+'UDWLRLV$PPLQOHW
FKDQQHO XQGLPSOHG LV SRVLWLRQHG XSVWUHDP RI WKH GLPSOHG FKDQQHO DQG  PP RXW OHW XQGLPSOHG FKDQQHO LV
SRVLWLRQHGGRZQVWUHDPRIWKHGLPSOHFKDQQHO2QO\KDOIRIWKHFKDQQHOLVXVHGIRUQXPHULFDODQDO\VLVEHFDXVHRIWKH
QDWXUHRIV\PPHWU\LQIORZDQGJHRPHWU\7KHIOXLGGRPDLQLVPHVKHGXVLQJVWUXFWXUHGJULGZLWKKH[DKHGUDOFHOOV
DOLJQHGZLWKWKHIORZGLUHFWLRQ7KHJULGTXDOLW\LVFKHFNHGWRPLQLPL]HQXPHULFDOHUURUV
7KHDSSURSULDWHERXQGDU\FRQGLWLRQHVDUHHPSOR\HGDWWKHLQOHWDQGRXWOHWRIWKHGXFW7KH7XUEXOHQFHLQWHQVLW\
OHYHORILVXVHG$OOWKHFRPSXWDWLRQVDUHSHUIRUPHGXVLQJWXUEXOHQWIORZ$OOSUHGLFWHGTXDQWLWLHVDUHLQVWHDG\
VWDWHFRQGLWLRQ7KHJULGLQGHSHQGHQF\DQDO\VLVLVFDUULHGRXWE\YDU\LQJWRWDOQXPEHURIHOHPHQWVIURP[WR
[,WLVREVHUYHGWKDWZKHQWKHWRWDOQXPEHURIHOHPHQWVYDULHGIURP[WR[WKH\YDOXH
GHFUHDVHVIURPWREHFDXVHRIILQHPHVKLQJQHDUWKHERXQGDU\:KHQWKHQXPEHURIHOHPHQWLVYDULHGIURP
[WR[WKHKHDWWUDQVIHUSUHGLFWLRQVKDUHZLWKLQDQG\YDOXHLVPDLQWDLQHGEHORZRQH)RU
IXUWKHUDQDO\VLVWKHFHOOFRXQWLVPDLQWDLQHGQHDUDERXWPLOOLRQ7KHWXUEXOHQFHPRGHOXVHGLQWKHSUHVHQWVWXG\LV
UHDOL]DEOHNİZLWKHQKDQFHGZDOOWUHDWPHQW6,03/(DOJRULWKPLVXVHGDVSUHVVXUHYHORFLW\FRXSOLQJ6HFRQGRUGHU
GLVFUHWL]DWLRQVFKHPHLVXVHGIRUJHWWLQJWKHVROXWLRQ$ORQJZLWKWKHUHVLGXDOVWKHWHPSHUDWXUHIURPGLPSOHGVXUIDFH
DVZHOO DV VKHDU VWUHVVRQGLPSOHG VXUIDFH LVPRQLWRUHG WR FRQILUP WKH FRQYHUJHQFH7KH FRQYHUJHQFH FULWHULD IRU
HQHUJ\LVNHSWDQGIRUIORZ
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)LJ*HRPHWU\DQGPHVKXVHGIRUQXPHULFDODQDO\VLV

1XPHULFDO5HVXOWVDQG'LVFXVVLRQ
7KHFRPSXWDWLRQDOUHVXOWVDUHGLVFXVVHGLQWKHIRUPRIIOXLGIORZDQGKHDWWUDQVIHUFKDUDFWHULVWLFV7KHIOXLGIORZ
FKDUDFWHULVWLFVDUHSUHVHQWHGLQWHUPVRIORFDOYHORFLW\FRQWRXUVYDULDWLRQRID[LDOYHORFLW\LQQRUPDOGLUHFWLRQ7KH
IORZVWUXFWXUHGXHWRGLPSOHVXUIDFHLVLQYHVWLJDWHGE\VROYLQJWKHQXPHULFDOPRGHO)RUDQDO\]LQJWKHIORZVWUXFWXUH
IRXUSODQHVDUHFRQVLGHUHGDVVKRZQLQ)LJ7KHVSDQZLVHSODQHVDUHDWOHDGLQJHGJHPLGHGJHDQGWUDLOLQJHGJHRI
WKHGLPSOH

)LJ6FKHPDWLFGLDJUDPRISODQHVXVHGIRUFRPSXWDWLRQVWXG\


1113 Sandeep S. Kore et al. /  Procedia Engineering  127 ( 2015 )  1110 – 1117 

(IIHFWRIįGRQORFDOYHORFLW\IORZVWUXFWXUH
7KH UHVXOWV LQ )LJ WR )LJ DUH VKRZQ RYHU VSDQZLVH QRUPDO SODQHV DW ;'K   DQG ;'K   IRU
5H'K  DQG WXUEXOHQW LQWHQVLW\  7KH UHVXOWV DUH SUHVHQWHG LQ WKH IRUP RI ORFDOL]HG YHORFLW\ FRQWRXUV
QRUPDOL]HGE\PDLQVWUHDPYHORFLW\$WWKHOHDGLQJHGJHRIGLPSOH;'K WKHYDULDWLRQLQORFDOYHORFLWLHVDUH
QHJOLJLEOHVRWKHYDULDWLRQRIORFDOYHORFLWLHVDUHSUHVHQWHGDW;'K DQG;'K 

(IIHFWRIį'RQ6WUHDPZLVH9HORFLW\XYHORFLW\
7KH SDUWV RI )LJ  D E DQG F DUH JLYHQ IRU ;'K   IRU į' RI   DQG  UHVSHFWLYHO\ VKRZ
EHKDYLRURIXYHORFLW\LQVSDQZLVHQRUPDOSODQHIRUGLIIHUHQWGLPSOHGHSWKV7KHSDUWVRI)LJVDEDQGFDUH
JLYHQIRU;'K IRUį'RIDQGUHVSHFWLYHO\VKRZWKHEHKDYLRURIXYHORFLW\MXVWGRZQVWUHDPRI
WKHGLPSOH
7KHFRQWRXUVRIQRUPDOL]HGVWUHDPZLVHYHORFLW\QRUPDOL]HGZLWKPDLQVWUHDPYHORFLW\JLYHQ LQ )LJDQG)LJ
IRU5H'K 7, VKRZWKDWWKHPDJQLWXGHVZLWKLQWKHGLPSOHVDUHFRPSDUDWLYHO\ORZHUWKDQYDOXHVLQWKH
EXONIORZORFDWHGRXWVLGHWKHGLPSOH,WLVREVHUYHGWKDWVWUHDPZLVHYHORFLW\EHFRPHVORZHULQWKHGHHSHUSDUWRIWKH
GLPSOH DV į' LQFUHDVHV 7KH )LJ VKRZV WKH HYLGHQFH RI UHFLUFXODWLQJ IORZ DW ;'K   VLQFH QHJDWLYH
VWUHDPZLVHYHORFLWLHVDUHSUHVHQW$VGHSWKLQFUHDVHVWKHQHJDWLYHYHORFLW\FRYHUVODUJHDUHD7KHORZHUPDJQLWXGHRI
VWUHDPZLVHYHORFLWLHVDUHDOVRSUHVHQWDW;'K WUDLOLQJHGJHRIWKHGLPSOHDOVRDVVKRZQLQ)LJ7KLVVKRZV
ODUJH YHORFLW\ JUDGLHQW LV SUHVHQW DW ;'K   )LJ VKRZV WKH WUDLOLQJ HGJH RI WKH GLPSOH ZKHUH WKH IORZ
GLVWXUEDQFHVDUHFRQWLQXHRQWKHDUHDDKHDGRIGLPSOH7KHIORZGLVWXUEDQFHVDUHKLJKHUDW;'K IRUį' 
FRPSDUHGWRį' DQGį' ZKLFKKHOSWRDXJPHQWWKHKHDWWUDQVIHULQZDNHUHJLRQDOVR7KHUHVXOWLQ)LJ
DQG )LJ VKRZ QHJDWLYH YHORFLW\ FRPSRQHQW LV SUHVHQW ZLWKLQ WKH GLPSOH DV ZHOO DV RQ WKH WUDLOLQJ HGJH RI WKH
GLPSOH7KHVWUHDPZLVHYHORFLWLHVDUHKLJKHVWDWWKHFHQWUDOSDUWRIWKHGLPSOH
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F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D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E   F 
)LJXYHORFLW\FRQWRXUVLQVSDQZLVHQRUPDOSODQHDW;' <=SODQHIRUDį' Eį' Fį' 

(IIHFWRIį'RQ6SDQZLVH9HORFLW\YYHORFLW\
7KH QRUPDOL]HG VSDQZLVH YHORFLW\ GLVWULEXWLRQ LV VKRZQ LQ )LJ DW ;'K   7KHPDJQLWXGH RI VSDQZLVH
FRPSRQHQWRIYHORFLW\LVODUJHUWKDQIODWSODWH7KHPDJQLWXGHRIVSDQZLVHFRPSRQHQWVRIYHORFLW\LVFRPSDUDWLYHO\
ODUJHUZLWKLQGLPSOHDQGRXWVLGHWKHGLPSOHDQGDWWUDLOLQJHGJHRIWKHGLPSOH7KHQHJDWLYHFRPSRQHQWRIVSDQZLVH
YHORFLW\LVREVHUYHGZLWKLQDQGRXWVLGHWKHGLPSOH7KHPDJQLWXGHVRIQHJDWLYHVSDQZLVHYHORFLW\LQFUHDVHVDVGHSWK
LQFUHDVHVIURPį' WRį' DQGWKHQGHFUHDVHVDVGHSWKLQFUHDVHVIURPį' WRį' 7KLVLVGXHWR
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VRPHIORZWKDW LV WUDSSHGDW WKHERWWRPRI WKHGLPSOH7KHQHJDWLYHVSDQZLVHFRPSRQHQW LVREVHUYHGIURPDOO WKH
VLGHVRIWKHGLPSOHZKLFKVKRZVWKHIORZLVHQWHULQJLQVLGHWKHGLPSOHIURPWKHVLGHV7KHSUHVHQFHRISRVLWLYHDQG
QHJDWLYH FRPSRQHQWV LQVLGH WKH GLPSOH VKRZ WKH IORZ LV UHFLUFXODWLQJ $W ;'K  VKRZQ LQ )LJ WKH
PDJQLWXGHVRIVSDQZLVHYHORFLW\LQFUHDVHVDVGHSWKLQFUHDVHVIURPį' WRį' DQGWKHQGHFUHDVHVDVGHSWK
LQFUHDVHVIURPį' WRį' 7KHLQFUHDVHLQVSDQZLVHYHORFLW\LVGXHWRVHFRQGDU\IORZVRQWKHWUDLOLQJHGJH
RIWKHGLPSOH

D E   F
)LJYYHORFLW\FRQWRXUVLQVSDQZLVHQRUPDOSODQHDW;'K IRUDį' Eį' Fį' 









DE   F

)LJYYHORFLW\FRQWRXUVLQVSDQZLVHQRUPDOSODQHDW;'K <=SODQHIRUGLPSOHDį' Eį' Fį' 

(IIHFWRIį'RQ1RUPDO9HORFLW\LQ6SDQZLVH1RUPDO3ODQHZYHORFLW\
)LJXUHVDQGVKRZWKHGLVWULEXWLRQRIQRUPDOL]HGQRUPDOYHORFLW\LQVSDQZLVHQRUPDOSODQHIRUWKUHHGLIIHUHQW
GHSWKVDW;'K DQG;'K 7KH)LJVKRZVWKHPDJQLWXGHRIQRUPDOYHORFLW\ LVKLJKHU IRUDOO WKH
GLPSOHJHRPHWU\FRPSDUHGWRIODWSODWH7KHQHJDWLYHFRPSRQHQWRIQRUPDOYHORFLW\LVREVHUYHGDWWKHVLGHVIRUDOO
GLPSOH JHRPHWU\ DW;'K  ZKLFK VKRZV WKH IORZPRYLQJ GRZQ RU UHFLUFXODWLQJ7KH QHJDWLYH FRPSRQHQW
LQFUHDVHV DV WKH GLPSOH GHSWK LQFUHDVHV 7KH ODUJH SRVLWLYH FRPSRQHQW RI QRUPDO YHORFLW\ LV REVHUYHG LQ WKHPLG
SODQH DW WKH FHQWUH ZKLFK VKRZV WKH IORZ LV HMHFWLQJ IURP WKH FHQWUDO SRUWLRQ RI GLPSOH 7KH SRVLWLYH QRUPDO
FRPSRQHQWLVKLJKHUIRUį' FRPSDUHGWRį' DQGį' $WWKHWUDLOLQJHGJHRIWKHGLPSOHDW;'K 
WKHODUJHQRUPDOYHORFLW\JUDGLHQWLVREVHUYHGFRPSDUHGWRIODWSODWH7KHSRVLWLYHDQGQHJDWLYHFRPSRQHQWRI
QRUPDOYHORFLW\LVDOVRREVHUYHGZKLFKVKRZVIRUPDWLRQRIVHFRQGDU\YRUWLFHV7KHQRUPDOYHORFLW\FRPSRQHQWDW
WKHWUDLOLQJHGJHRIWKHGLPSOHLVKLJKHUIRUį' FRPSDUHGWRį' DQGį' ZKLFKUHVXOWVLQLQFUHDVHRI
UDWHRIKHDWWUDQVIHU
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
)LJZYHORFLW\LQVSDQZLVHQRUPDOSODQHDW;'K 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
D E   F
)LJZYHORFLW\FRQWRXUVLQVSDQZLVHQRUPDOSODQHDW;'K <=SODQHIRUDį' Eį' Fį' 

(IIHFWRIGLPSOHGHSWKRQERXQGDU\OD\HUVHSDUDWLRQDQGUHDWWDFKPHQW
7KH KHDW WUDQVIHU HQKDQFHPHQW IURP WKH GLPSOH VXUIDFH GHSHQGV XSRQ ERXQGDU\ OD\HU VHSDUDWLRQ DQG
UHDWWDFKPHQW )RU XQGHUVWDQGLQJ WKH ERXQGDU\ OD\HU VHSDUDWLRQ DQG UHDWWDFKPHQW WKH YDULDWLRQ RI VWUHDPZLVH
YHORFLW\ LQQRUPDO ]GLUHFWLRQGLUHFWLRQRQV\PPHWU\ LVROLQHLVSORWWHGDVVKRZQLQ)LJD WR)LJG IRU IODW
SODWHDQGGLIIHUHQWGLPSOHJHRPHWU\,WLVREVHUYHGIURP)LJDWKDWIRUWKHIODWSODWHWKHYDULDWLRQRID[LDOYHORFLW\
LQVWUHDPZLVHGLUHFWLRQLVQHJOLJLEOH6RPHYDULDWLRQLVREVHUYHGDWWKHWZRHQGVGXHWRWKHVWDUWDQGHQGHIIHFWV)RU
WKH GLPSOH VXUIDFH WKH YDULDWLRQ LQ D[LDO YHORFLW\ EHFRPHV ]HUR DW WKH OHDGLQJ HGJH ZKHUH WKH ERXQGDU\ OD\HU
VHSDUDWHVDVVKRZQLQ)LJEWRG$IWHUWKHERXQGDU\OD\HUVHSDUDWLRQQHJDWLYHYHORFLW\JUDGLHQWLVREVHUYHG
IRUDOOWKHGLPSOHJHRPHWU\EHFDXVHRIUHFLUFXODWLQJIORZ$VWKHGLPSOHGHSWKLQFUHDVHVWKHPDJQLWXGHRIQHJDWLYH
YHORFLW\ JUDGLHQW LQFUHDVHV LW LV GXH WR ODUJH UHFLUFXODWLRQ LQVLGH WKH GLPSOH 7KH UHFLUFXODWLRQ ]RQH RFFXSLHG
LQFUHDVHV DV GLPSOH GHSWK LQFUHDVHV IURP į'   WR  $IWHU UHFLUFXODWLRQ ]RQH WKH YHORFLW\ JUDGLHQW VWDUWV
LQFUHDVLQJ IRU DOO GLPSOH JHRPHWU\ EHFDXVH RI LQLWLDWLRQ YRUWH[ SDLUV IURP WKH FHQWHU SDUW RI WKH GLPSOH 7KH
PD[LPXP YHORFLW\ JUDGLHQW LV REVHUYHG IRU WKH į'  FRPSDUHG WR RWKHU GLPSOH JHRPHWU\ ZKLFK PD\ EH
UHVSRQVLEOHIRUKHDWWUDQVIHUDXJPHQWDWLRQ
7RDQDO\]H WKHEHKDYLRURIERXQGDU\ OD\HU VHSDUDWLRQDQG UHDWWDFKPHQWDORQJZLWKD[LDOYHORFLW\YDULDWLRQ WKH
YDULDWLRQLQVKHDUVWUHVVDORQJWKHVWUHDPZLVHLVROLQHRQV\PPHWU\LVSORWWHGDVVKRZQLQ)LJDWR)LJF7KH
VKHDUVWUHVVEHFRPHV]HURZKHQWKHYHORFLW\JUDGLHQWEHFRPHV]HUR7KHERXQGDU\OD\HUVHSDUDWLRQDQGUHDWWDFKPHQW
WDNHVSODFHZKHQWKHVKHDUEHFRPHV]HUR
,W LV REVHUYHG IURP WKH)LJ D WR)LJF WKDW VKHDU VWUHVVEHFRPHV ]HUR DW WKH OHDGLQJRI DOO WKHGLPSOH
JHRPHWU\ZKHUH WKH IORZ VHSDUDWHV7KH UHDWWDFKPHQWSRLQW RI WKH IORZ LV GHSHQGVXSRQ WKHGLPSOHGHSWK $IWHU
UHDWWDFKPHQW SRLQW WKH VKHDU VWUHVV EHFRPHV PD[LPXP ZKHUH WKH VHFRQGDU\ YRUWLFHV DUH IRUPHG 1HDU WKH
UHDWWDFKPHQW SRLQW WKH PD[LPXP KHDW WUDQVIHU HQKDQFHPHQW LV REVHUYHG 7KHPD[LPXP VKHDU VWUHVV REVHUYHG LV
  DQG  1P IRU WKH GLPSOH GHSWK į'  į'  DQG į'  UHVSHFWLYHO\ $IWHU UHDFKLQJ WKH
PD[LPXPYDOXH WKH VKHDU VWUHVVRQFH DJDLQEHFRPHV WR ]HUR LQ WKHZDNH UHJLRQ7KLV KHOSV WR HQKDQFH WKHKHDW
WUDQVIHUUDWHLQZDNHUHJLRQDOVR7KHKHDWWUDQVIHUDXJPHQWDWLRQEHFDXVHRIGLPSOHVXUIDFHLVGXHWRWKHERXQGDU\
OD\HUVHSDUDWLRQDWOHDGLQJHGJHDQGUHDWWDFKPHQWZLWKIRUPDWLRQRIVHFRQGDU\IORZVDWWUDLOLQJHGJH
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D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F G

)LJ9DULDWLRQRIGXG]DORQJVWUHDPZLVHLVROLQH< RQV\PPHWU\IRUD)ODWSODWHEį' 
Fį' Gį' 


D   EF
)LJ9DULDWLRQRIVKHDUVWUHVVDORQJVWUHDPZLVHLVROLQHRQV\PPHWU\IRUDį' Eį' Fį' 

+HDW7UDQVIHU&KDUDFWHULVWLFV
7KH YDULRXV IORZ SKHQRPHQD FDXVHG E\ GLPSOH VXUIDFH KDYH D VLJQLILFDQW LPSDFW RQ KHDW WUDQVIHU 7KH
UHFLUFXODWLQJ IORZ LQVLGH WKH GLPSOH JHQHUDWLRQ RI YRUWH[ VWUXFWXUH DQG HMHFWLRQ RI IORZ IURP GLPSOH DOO DUH
UHVSRQVLEOHIRUWKHKHDWWUDQVIHUDXJPHQWDWLRQ
)LJXUHVKRZVWHPSHUDWXUHGLVWULEXWLRQIRU5H'K DQG4LQ :PEDVHGRQIODWSURMHFWHGVXUIDFH
DUHD DQG LQOHW WHPSHUDWXUH RI DLU LV  & 7KHUH LV UHODWLRQ EHWZHHQ WKH YRUWLFHV DQG WKH KHDW WUDQVIHU
DXJPHQWDWLRQ)LJDVKRZVWKHWHPSHUDWXUHGLVWULEXWLRQIRUDIODWSODWH7KHWHPSHUDWXUHGLVWULEXWLRQRQWKHIODW
SODWHVKRZVWKDWWKHIORZLVWKHUPDOO\GHYHORSLQJ)URP)LJEWR)LJGLWLVREVHUYHGWKDWKLJKWHPSHUDWXUH
UHJLRQLVREVHUYHGLQWKHILUVWKDOIRIWKHGLPSOH7KLVKLJKWHPSHUDWXUHUHJLRQLVGXHWRUHFLUFXODWLQJ]RQH$WWKH
WUDLOLQJ HGJH RI WKH GLPSOH KLJK KHDW WUDQVIHU ]RQH LV REVHUYHG 7KLV LV GXH WR UHDWWDFKPHQW RI VKHDU OD\HU 7KH
WHPSHUDWXUHDWWKHWUDLOLQJHGJHDQGRQWKHIODWDUHDDERYHWKHGLPSOHLVORZHUIRUGLPSOHį' FRPSDUHGWRRWKHU
GLPSOHGHSWKV)LJXUHVEWRFVKRZVWKHWHPSHUDWXUHGLVWULEXWLRQIRUDOOGLPSOHGHSWKVDW<'K DORQJ
WKHVWUHDPZLVHGLUHFWLRQ7KHWHPSHUDWXUHGLVWULEXWLRQVKRZVWKDW LQLWLDOO\ WKHWHPSHUDWXUHLVORZHUGXHWRVWDUWLQJ
HIIHFW$IWHUWKDWWHPSHUDWXUHULVHVGXHWRUHFLUFXODWLRQ]RQH$WWKHWUDLOLQJKDOIRIWKHGLPSOHWKHWHPSHUDWXUHVWDUWV
GHFUHDVLQJ 7KH WHPSHUDWXUH LV ORZHU DW WKH ULP RI WKH GLPSOH   $IWHU UHDWWDFKPHQW SRLQW WHPSHUDWXUH VWDUWV
LQFUHDVLQJ
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
FG
)LJ7HPSHUDWXUHFRQWRXUVIRU5H'K DW4LQ = ;<SODQHIRUD)ODWSODWHEį' 
Fį' Gį' 

&RQFOXVLRQ

 7KHVKHDU OD\HUVHSDUDWHVDW WKH OHDGLQJHGJHRI WKHGLPSOHZKLOH UHDWWDFKHVDW WKH WUDLOLQJHGJHRI WKH
GLPSOH7KHYDULDWLRQ LQ VWUHDPZLVH VSDQZLVHDQG QRUPDOYHORFLW\ LVREVHUYHGZLWKLQDQGRXWVLGH WKH
GLPSOH7KHYDULDWLRQRIVWUHDPZLVHVSDQZLVHDQGQRUPDOYHORFLW\FRPSRQHQWVIRUIODWLVQHJOLJLEOH
 7KH PDJQLWXGH RI VWUHDPZLVH YHORFLW\ LV FRQVLGHUDEO\ ORZHU WKDQ EXON YHORFLW\ RXWVLGH WKH GLPSOH
1HJDWLYH VWUHDPZLVH YHORFLW\ VKRZV UHFLUFXODWLQJ IORZ LQVLGH WKH GLPSOH 5HFLUFXODWLQJ IORZ FRYHUV
ODUJHDUHDDVGLPSOHGHSWKLQFUHDVHV7KHODUJHXYHORFLW\JUDGLHQWLVDOVRSUHVHQWDWWUDLOLQJHGJHRIWKH
GLPSOHGXHWRDGYHFWLRQRIIORZIURPWKHGLPSOHDQGUHDWWDFKPHQWRIIORZ
 7KH ODUJH YDOXH RI SRVLWLYH VSDQZLVH YHORFLW\ LQGLFDWHV VHFRQGDU\ IORZ DQG UHFLUFXODWLQJ IORZ LQ WKH
FHQWUDOSDUWRIGLPSOH7KHSRVLWLYHDQGQHJDWLYHFRPSRQHQWRIVSDQZLVHYHORFLW\LQGLFDWHVWKDWWKHIORZ
LVHQWHULQJLQVLGHWKHGLPSOHDQGHMHFWLQJIURPWKHGLPSOH
 7KH ODUJH YDOXHV RI QRUPDO YHORFLW\ ZLWKLQ GLPSOH VKRZ WKH IORZ LV HMHFWLQJ IURP WKH GLPSOH 7KH
QHJDWLYH DQG SRVLWLYH YDOXH RI QRUPDO YHORFLW\ DW WKH WUDLOLQJ HGJH RI WKH GLPSOH VKRZV IRUPDWLRQ RI
VHFRQGDU\ YRUWLFHV 7KH PDJQLWXGH RI QRUPDO YHORFLW\ LQFUHDVHV DV GHSWK LQFUHDVHV IURP į'  WR
į' DQGWKHQGHFUHDVHVDVGHSWKLQFUHDVHVIURPį' WRį' 
 )URPWKHYHORFLW\FRQWRXUVLWLVREVHUYHGWKDWYDULDWLRQYHORFLW\LQWKHGLPSOHDQGRXWVLGHWKHGLPSOHLV
GXHWRIROORZLQJUHDVRQV
x 6KHDUOD\HUVHSDUDWLRQDWOHDGLQJHGJHDQGUHDWWDFKPHQWZLWKLQWKHGLPSOH
x ,QFUHDVHLQLQWHQVLW\RIIRUPDWLRQDQGHMHFWLRQRIYRUWH[SDLUVIURPFHQWUDOSDUWRIGLPSOH
x 6WURQJVHFRQGDU\YRUWLFHVRQWKHWUDLOLQJHGJHRIWKHGLPSOH

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